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ABSTRACT
The photoacoustic technique is based on the absorption of modulated light by a sample and subsequent heat generation.
This generates thermal waves that propagate in the surrounding media. According to the Rosencwaig-Gersho Model,
such waves produce the pressure oscillation detected as the photoacoustic signal. This technique allows the
spectroscopic characterization of multilayer systems: as the thermal diffusion length varies with the modulation
frequency of the absorbed light, the depth profile of a sample can be studied by the analysis of  the photoacoustic signal
at different modulation frequencies. In this work, photoacoustic spectroscopy was used to characterize different human
skin samples. Measurements were performed at 70Hz and 17Hz, using a 1000W Xe arc lamp as the light source, for
wavelengths between 240nm and 700nm. Skin samples were about 0,5cm diameter. It was possible to obtain the
photoacoustic absorption spectra of the stratum corneum and of a deeper layer of epidermis; when the lower modulation
frequency is utilized, photoacoustic spectroscopy characterizes the absorption of the whole epidermis, because in this
case the thermal diffusion length is thicker than that of the stratum corneum. Photoacoustic spectroscopy was also
employed to monitor the drying kinetics of the skin. This was done by analyzing the time evolution of the photoacoustic
spectra of skin samples. Pre-treatment of the samples included different periods in a drying chamber. Measurements
show that the photoacoustic spectra changes according to the humidity of the skin. Future work includes detailed
monitoring of skin hydration.
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1. INTRODUCTION
The human skin comprises about 20% of the total amount of water in the human organism. The skin is composed by
two main layers, epidermis and dermis, presenting various functions as: protection against environment aggressive
agents (chemical, physical and biological), regulation of body temperature and sensorial perception. The thickness of
the skin is not regular, varying with the region of the body. In the abdomen, for example, the epidermis presents a
thickness of about 80µm, while in the plantar and palmar regions the skin may reach a thickness of 1mm 1,2.
∗
 barja@univap.br
Optical Diagnostics and Sensing IV, edited by G. L. Coté, A. V. Priezzhev, 
Proceedings of SPIE Vol. 5325 (SPIE, Bellingham, WA, 2004)
· 1605-7422/04/$15 · doi: 10.1117/12.529777
136
Downloaded From: http://proceedings.spiedigitallibrary.org/ on 06/09/2015 Terms of Use: http://spiedl.org/terms
Photoacoustic spectroscopy is based on the production of acoustic waves in a closed chamber which contains air in
contact with a sample (or in contact with a support for the sample, as an aluminum foil, for example). The sample is
exposed to a light beam that is mechanically or electronically modulated at a determined frequency. The absorption of
modulated light generates acoustic waves at the same frequency of the incident light, producing pressure oscillations
that account for the photoacoustic signal. Through the photoacoustic technique, it is possible to make depth profile
analysis, selecting the layer of the sample to be studied. This is possible because the photoacoustic signal depends on
the thermal diffusion length for a given sample, and this diffusion length decreases with the increase in the modulation
frequency of the incident light. As the amplitude of the thermal waves decays exponentially with the distance, only the
amount of radiation absorbed by a layer of the sample with thickness of about one thermal diffusion length will be
responsible for the photoacoustic signal.
In the last years, the photoacoustic technique has been used in many research areas, particularly in the study of
biological systems 3,4,5,6. Photoacoustic spectroscopy can be useful in the characterization of human skin because it is a
multilayer system. Varying the modulation frequency, one can obtain different absorption spectra, corresponding to
different layers of the sample. Thus, through photoacoustic spectroscopy it is possible to characterize different
components of the skin.
The aims of this study were to characterize the human skin through photoacoustic measurements and to observe the
kinetics of skin dehydration.
2. METHODOLOGY
We used human skin samples supplied by the Skin Cells and Epidermis Laboratory of the Hospital of the Campinas
State University (UNICAMP), obtained from aesthetic surgeries and conserved in physiological serum 0,9%. The
photoacoustic setup consisted of a 1000W xenon arc lamp, monochromator (Oriel, model 77250), chopper (EG&G,
model 167), closed photoacoustic cell with B&K microphone, lock-in (PAR-EG&G, mod. 5210) and a microcomputer
for on-line data acquisition (Fig.1).
The first photoacoustic spectroscopy measurement was performed with black carbon powder. This material can be
considered a perfect absorber; in this way, the carbon measure serves to characterize the emission spectrum of the arc
lamp. All the remaining measurements were normalized to the lamp spectrum.
Each skin sample was cut using a lancet with diameter 0,5 cm; after that, samples were submitted to different times at
the stove (0, 2 and 20 minutes) at 50ºC. Immediately after the pre-determined period, the sample was positioned at the
photoacoustic cell and the photoacoustic spectroscopy measurement was performed.
Light was mechanically modulated at 17Hz or 70Hz (depending on the measurement) and spectroscopic measurements
were performed between 240nm and 700nm; however, the results showed are limited to the region of the ultraviolet
radiation (λ < 400nm), that is the region of interest for this study. Each spectra was obtained and data was stored using a
computer program developed at the Photothermal Laboratory at the IFGW/UNICAMP. After measurements were
performed, data were analyzed later using the Origin 6.0  software.
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Fig. 1. Photoacoustic experimental setup, including a light source (xenon arc lamp), monochromator, chopper, lock-in amplifier,
photoacoustic cell with microphone and computer for data acquisition.
3. RESULTS
Analysis of the photoacoustic spectroscopy measurements was limited to the wavelengths between 240nm and 400nm,
because it is at this wavelength range that the human skin presents its major absorption, corresponding to the spectral
range of UVA and UVB. Figure 2 shows the photoacoustic spectroscopy measurements for human abdomen skin
samples: the whole epidermis, the isolated stratum corneum and the epidermis (without the stratum corneum). Light
absorption was higher between 240nm and 280nm for the stratum corneum isolated sample. Photoacoustic
measurements show that the absorption level of the whole epidermis is higher than that of the isolated stratum corneum
for all wavelengths, with peaks between 270nm and 300nm. The photoacoustic absorption spectrum of the epidermis
without the stratum corneum was obtained subtracting the spectrum of the isolated stratum corneum from the spectrum
of the whole epidermis (difference spectrum).
In order to verify possible spectral differences between skin samples taken from two different regions of the body,
photoacoustic spectroscopy measurements were also obtained for eyelid skin samples (Fig. 3).
Figure 4 shows the curves correspondent to the photoacoustic spectra of dehydrated human abdomen skin samples.
The photoacoustic signal of the stratum corneum after two minutes at the stove shows a decrease in the signal amplitude
between 240nm to 290nm comparing with the moist stratum corneum signal; after 300nm, the amplitude increases.
Skin samples dehydrated for 20 minutes show a photoacoustic spectrum different from the previous measurements,
without absorption peaks. It can be observed that in dehydrated samples the decrease in the water amount generates a
reduction in the space between the molecules, and this can change the photoacoustic signal.
Monochromator
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Fig. 2.  Photoacoustic spectra of human abdomen skin samples with different thickness: stratum corneum isolated (70Hz), whole
epidermis (including the stratum corneum, 17Hz) and epidermis without the stratum corneum (difference spectrum).
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Fig. 3. Photoacoustic spectrum of human eyelid skin samples. The most prominent absorption peak can be observed at 244nm.
Modulation frequency: 70Hz.
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Fig. 4. Spectra of moist stratum corneum sample and dehydrated stratum corneum samples held at the stove respectively for 2min
and 20min. Modulation frequency: 70Hz.
4. DISCUSSION
The photoacoustic technique has been successfully used to characterize complex biological systems 1, like human skin,
because the photoacoustic signal of different sample layers can be obtained through the variation of the light modulation
frequency. Using the expression µ = (α/πf )1/2, where α is the thermal diffusivity and f is the modulation frequency, one
can calculate the thermal diffusion length µ for the skin as a function of the modulation frequency employed.
Measurements performed in human skin samples at 70Hz, for example, refer to a layer of approximately 15µm, which
corresponds to the stratum corneum. At 17Hz, measurements refer to a depth of about 32µm, that is, a deeper layer of
the epidermis 3. Through the photoacoustic measurements performed, it can be seen that the epidermis has a different
absorption than that of the stratum corneum alone. Also, we were able to obtain the spectra of the epidermis without the
stratum corneum.
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Through photoacoustic spectroscopy measurements, it is possible to observe differences between human skin (stratum
corneum) samples taken from different regions of the body. Comparison between Fig. 2 and Fig. 3 shows that, while
abdomen skin presents high absorption from 240nm to 300nm, the eyelid has a low absorption level for wavelengths
higher than 260nm.
The amount of water in the skin has an important chemical role, because of its solvent property. In the deep layers of
the epidermis, water concentration is about 60%, and this is very important to the biochemical reactions occurring in
this region. In the stratum corneum, the water concentration is about 15%, helping to keep the skin rigid and elastic 1.
According to Gutierrez-Juárez et al 4, the photoacoustic spectroscopy is sensitive to the presence of water in a sample;
therefore, the spectra can vary according to the hydration level of the sample, due to changes in the thermal diffusion
length, which is smaller on hydrated samples. In our work, it is clearly seen that the photoacoustic spectra were
different in skin samples with different degrees of hydration (Fig. 4). As stated by Bernengo et al 3, Rosencwaig e Pines
published a photoacoustic spectrum in the UV region in 1977 showing the effects of the dehydration in the surface of
the sample, while Campbel et al, in 1979, analyzed the relationship between thermal effusivity and the content of water
in the epidermis. Both of them observed the influence of water concentration in the photoacoustic signal.
5. CONCLUSIONS
With the results obtained, we can conclude that photoacoustic measurements can evidence differences in the absorption
of ultraviolet radiation by human skin samples taken from different regions of the body. Photoacoustic spectroscopy
measurements can be used to monitor the kinetics of skin dehydration analyzing the photoacoustic spectrum by the
time. The measurements shown that the spectrum changes according to the moist of the skin. Future works include a
detailed study of skin dehydration in different parts of the human body.
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